
WITH IMPROVED CELL ARRANGEMENT 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
memory device fabricated on a semiconductor substrate. 

Memory capacity of semiconductor memory devices have 
5 been increased remarkably according to the improvement 
in fine patterning technique in the semiconductor field. 
In a semiconductor memory, a plurality of memory cells 
are arranged in a matrix form of rows and columns , and 
such a matrix of memory cells are usually divided into 

10 two or more memory arrays. Each of the rows and each 
of the columns are designated by row address signals 
and column address signals, respectively in the matrix. 

However, accompanied by reduction in patterns of 
circuit elements and increase in the memory capacity, 

15 control of the respective manufacturing steps has become 
critical and difficult and deviation or fluctuations in 
the respective circuit elements have become large and 
innegligible . For example, for the same circuit elements 
such as memory cells, there is deviation in characteristics 

20 among them according to their locations even they are 
formed on the same chip. Particularly, deviations of 
characteristics in memory cells in the same chip are 
determinant factor in the memory device. Namely, a 
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read out signal from a memory cell is generally very small 
and a margin in a signal stored in a memory cell is also 
small, and therefore the deviation of the characteristics 
in memory cells are required to be within a predetermined 
5 range. Otherwise, one of the binary data stored in a 

certain memory cell is erroneously read out or sensed as 
the other of the binary data, resulting in a mulf unction. 
Therefore, it is desirable that the memory cells included 
in the same chip have the same characteristics with no 

10 deviation among them. 

In general, it has been considered that comparative 
errors in sizes or dimensions in circuit elements formed 
in the same semiconductor chip are very small for the 
same kind of circuit elements irrespective of their 

15 respective locations. For example, a field effect 

transistor with a channel length M k" and a field effect 
transistor with a channel length "nk" (n being a positive 
integer) are accurately formed on the same semiconductor 
chip with ease. However, the inventor of the present 

2 0 invention has found the fact that memory cells at the 

peripheral portion of the memory cell array are generally 
inferior to the memory cells at the internal portion of 
the memory cell array in the electrical characteristics. 
Namely,, each memory cell at the internal portion of the 

25 memory cell array is necessarily surrounded by other 
memory cells and therefore the memory cells at the 
internal portion of the memory array are subjected to 
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the same process atmosphere. While, each memory cell at 
the peripheral portion of the memory cell array is not 
surrounded by other memory cells but in adjacent to other 
regions such as an isolation region or other elements. 
5 Therefore, the affection of process to the memory cells 
at the peripheral portion of the memory cell array is 
not uniform over the entire memory cells at the peripheral 
portion of the memory cell array. 

Thus, the uniformity in formation of the memory 
10 cells at the peripheral portion of the memory cell array 
is lower than that in the memory cells at the internal 
portion of the memory cell array and the memory cells 
at the peripheral portion of the array determines the 
worst characteristics of the memory cell in the array. 



15 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a semiconductor memory device having an improved 
characteristics over all addressable memory cells. 

The semiconductor memory device according to the 

20 present invention comprises at least one array of memory 
cells and an address circuit for selectively accessing 
at least one memory cell in the array in accordance with 
address information, and is featured in that dummy memory 
cells are provided to surround all the peripheries of 

2 5 the array. 



m 
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According to the present invention, each memory cell 
in the array is surrounded by other memory cells or dummy 
cells and therefore, uniformity in process is established 
over all the memory cells in the array. While, the dummy 
5 cells are not formed uniformly, but they are not used as 
functional memory cells to be accessed. 

Thus, according to the present invention, all the 
memory cells to be accessed have the uniform and reliable 
characteristics and the memory device having a high 
10 reliability can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram of a semiconductor 
memory device according to a prior art; 

Fig. 2 is a schematic block diagram of a semiconductor 
15 memory device according to one preferred embodiment of the 
present invention; 

Fig. 3 is a schematic block diagram showing another 
embodiment of the present invention; 

Fig. 4 is a schematic circuit diagram of a part of 
2 0 the row decoder; 

Fig. 5 is a schematic circuit diagram of a test 
circuit of Fig. 3; and 

Fig. 6 is a schematic circuit diagram of a test mode 
detecting inverter of Fig. 3. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, a semiconductor memory device 
according to a prior art is explained. 

Two memory cell arrays 1L and 1R are provided at both 
5 side of a row decoder (X DEC) 2 which includes a plurality 
of NOR gates receiving true and complementary signals of 
row address signals ARq to AR n generated by arf address 
inverter block 6. An output of each of the NOR gates NG 
is coupled to one word line e.g. WL2L C; in the left side 

10 array 1L and to one word line e.g. WL2R in the right 

side array. A plurality of digit lines DL are arranged 
in both of the arrays 1L and 1R and a plurality of memory 
cells MC are arranged at the respective intersections of 
the word lines and the digit lines. In this case, each 

15 of the memory cells includes a floating gate type field 
effect transistor with a control gate connected to one 
of the word lines, a drain connected to one of the digit 
lines and a source connected to a ground potential source. 
A column decoder (Y DEC) 4 receives true and complementary 

20 signals of column address signals ACq to AC m generated 

by the address inverter block 6 to generate column decode 
signals Y]_ - Yj. Columns selection circuits 3L and 3R 
includes a plurality of transfer gates Qs coupled between 
the digit lines and inputs of output amplifiers Bl and B2 

25 included in a peripheral circuit block 5 which also 

includes a control circuit 10 generating a control signal 
CE for enabling the output amplifiers Bl and B2 and other 




control signals (not shown) for controlling the respective 
portions in a known way. 

In the memory device of Fig* 1, all the memory cells 
in both of the arrays are essential storage bits consisting 
5 of a total memory capacity e.g. 64K bits of the memory 
device and are selectable in accordance with row and 
column address signals. 

Thus, in the arrays 1L and 1R, all the memory cells 
including those along the peripheries of the arrays 1L 
10 and 1R are used to store data and the memory cells along 
the peripheries of the arrays 1L and 1R are inferior to 
those memory cells at the internal portions of the arrays 
1L and 1R. Therefore, the yield of the memory devices 
has been lowered by the memory cells at the peripheral 
15 portions. 

Referring to Fig. 2, a semiconductor memory device 
according to one embodiment of the present invention is 
explained . 

In Fig. 2, the portions corresponding to those in 
20 Fig. 1 are designated by the same reference numerals as 
those in Fig. 1. 

Each of the memory cell arrays 1L and 1R has a 
plurality of memory cells arranged m rows and J columns 
as is the case in Fig. 1 
25 According to the present embodiment, a plurality of 

dummy cells are arranged along the all four peripheries 
of the array 1L and the all four peripheries of the array 
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1R, as illustrated by the references 11L and 11R, 
respectively* Each of the dummy cells has the same 
structure as the memory cell MC and is not connected to 
the word line and the digit line. In this embodiment, 
5 the dummy cells DC are arranged in two rows or two columns 
and two dummy cells are provided in the width of the dummy 
cell areas 11L and 11R. 

Any of the dummy cells DC are not selected by the row 
decoder 2 and the column decoder 4, and the dummy cells DC 

10 do not have function to store data. 

According to the present embodiment, the memory cells 
MC are formed together with the dummy cells DC at the 
peripheries of the memory cells in each of the arrays 1L 
and 1R, and therefore as a whole, none of the memory cells 

15 is disposed at the peripheral portions in the arrangements 
of the memory cells and dummy cells. 

Accordingly, each of the memory cells is surrounded 
by other memory cells or the dummy cells having the same 
structure as the memory cells and therefore all the 

20 memory cells. are formed with the desirable uniformity in 
characteristics. While deviations or fluctuations in 
characteristics are absorbed into the arrangements 11L 
and 11R of the dummy cells. Thus, by providing the 
dummy cells along all the peripheries of the memory 

25 arrays, all the memory cells in the memory arrays can 
be formed with desirable characteristics. 
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Referring to Figs. 3 to 6 , a semiconductor memory 
device according to another preferred embodiment is 
explained. 

In this embodiment, 64 digit lines are arranged in 
5 each of the memory array 1L and 1R. The digit lines are 
divided into four digit groups Dl to D4 in the array 1L 
and four digit groups D5 to D8 in the array 1R. Each of 
the digit groups includes 16 digit lines. 

The digit lines of the groups Dl to D4 in the array 1L are 

10 connected to column selection units CS1 to CS4 in the 
column selection circuit 3L * , respectively. The digit 
lines of the digit groups D5 to D8 are connected to 
column selection units CSS to CS8 in the column selection 
circuit 3R" , respectively. Each of the column selection 

15 units CS1 to CS8 includes sixteen transfer gates Qs 

coupled between the digit lines and inputs of eight output 
amplifiers Bl to B8, as illustrated. 

The sixteen transfer gates in the respective column 
selection units are selected by the column decode signals 

20 Y^ to Y^g which are generated by the column decoder 

(Y DEC) 4 in accordance with the true and complementary 
signals (AC' 0 , AC Q - AC 1 3 , AC 3 ) of the column adress 
signals ACg - AC 3 by the address inverter block 6'. The 
eight output amplifiers Bl to B8 produce read signals to 

25 output terminals in response to an active (high) level of 
a control signal CE generated by the control circuit when 
a chip enable signal CE is at a low level. 
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In the embodiment, four rows of dummy cells DC are 
arranged along the upper and bottom peripheries of the 
arrays 1L and 1R and four columns of the dummy cells are 
arranged along the left side and right side peripheries 
5 of the arrays 1L and 1R, as illustrated by the references 
11L 1 and 11R' , respectively. 

The arrangement of the dummy cells along the bottom 
periphery of the array 1L are connected to four dummy 
word lines DW1L to DW4L and the digit lines of the array 
10 1L. Similarly, the dummy cells arranged along the bottom 
periphery of the array 1R are connected to four dummy 
word lines DW1R to DW4R and- the digit lines of the array 
1R. 

The dummy word lines DW1L to DW4L in the arrangement 
15 11L' and the dummy word lines DW1R to DW4R are selected 
by a test circuit (TU) 12. 

A detailed structure of the test circuit 12 is shown 
in Fig. 5. The test circuit 12 includes an inverter 2 3 
receiving a test enable signal TE and source-follower 
2 0 transistors Q D coupled between the respective dummy word 
lines and selective drive signals 0a, 0b, 0c and 0d. 
The selective drive signals are produced by decoding lower 
two bits of row address signals ARq and AR^ and one of the 
signals 0a - 0d takes a high level with remaining three 
25 signals at a low level. For example, when TE is at a low 
level and 0a is at a high level, the dummy word lines DW1L 
and DW1R are selected. 
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The test enable signal TE is generated by a test mode 
detecting inverter 21 having an input coupled to AR n . 
The inverter 21 has a high value of threshold voltage e.g. 
15 V which is larger than a power supply voltage Vcc 
5 e.g. 5V, and produces a low level of TE only when the 
voltage of AR n is larger than the above high value of 
threshold voltage, and otherwise produces a high level 
of TE. An inverter 2 2 has a normal range of threshold 
voltage e.g. 2.5 V and generates a . control signal TE as 

10 the inverted signal TE. 

An example of the inverter 21 is shown in Fig. 6. 
A plurality of diode-connected field effect transistors 
QdI ~ QDn are connected in series between a gate of a 
drive transistor Q 1Q and AR n to obtain a predetermined 

15 high value of threshold voltage. 

The row decoder 2 1 selects one of the word lines 
WL1L - WLmL in the array 1L and one of the word lines 
WL1R - WLmR in the array 1R in accordance with the row 
address signals ARo - AR n , and includes a plurality of 

20 decode units (XUl ...) each coupled to consecutive four 
word lines in the array 1L and consecutive four word 
lines in the array 1R. 

One of the decode units XUl is shown in Fig. 4. 
The decoding unit XUl includes a NOR gates NG 1 receiving 

2 5 the control signal TE and true or complementary row 

address signals of AR2 - AR n . When TE and all the address 
signals inputted are low in level, the output of the gate 
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NG* is at a high level so that one of 0a - 0d of the high 
level is transmitted to the dummy word lines e.g. WL1L 
and WL1R. 

When the signal AR n is within the normal signal range 
5 (e.g. 0 - 5 V) , the signal TE is at a low level and the 
row decoder 2 ' selects one of the word lines WL1L - WLmL 
and one of the word lines WL1R - WLmR and the column 
decoder selects one of the decode signals Y]_ - Y^s. 
Thus, four-bits data are selected by the circuit 3L ' and 

10 outputted to the output terminals Oi - O4 via the 

amplifiers Bl - B4 and four-bits data are similarly 
selected by the circuit 3R 1 and outputted to the output 
terminals O5 - Os via the amplifiers B5 - B8. In this 
case, the memory cells in the arrays 1L and 1R are 

15 accessed and the dummy cells are not accessed. It is 

also apparent that the memory cells in the arrays 1L and 
1R have the superior and uniform characteristics as 
compared to the dummy cells. 

In a test mode, the level of AR n is brought to about 

2 0 15 V or more and the inverter 21 generates the low level 
of TE so that the test circuit 12 selects one of the 
dummy word lines in the arrangement 11L' and one of the 
dummy word lines in the arrangement 11R 1 . Therefore, 
sixteen dummy cells coupled to the selected dummy word 

2 5 line in the arrangement 11L' produce read signal to the 
digit lines in the array 1L and sixteen dummy cells 
coupled to the dummy word line in the arrangement 11R' 
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produce read signals to the digit lines in the array 1R. 

Then, four read signals are outputted to 0^ - O4 
via the selection circuit 3L' and the amplifiers Bl - B4 
with respect to the arrangement 11L' and four read 
signals are outputted to the output terminals O5 - O3 
via the selection circuit 3R' and the amplifiers B5 - B8 
with the arrangement 11R 1 . 

There is a tendency that the dummy cells show worse 1 
electrical characteristics than the memory cells. 
Therefore, the worst access time of the memory cells in 
the arrays 1L and 1R can be estimated by measuring access 
time of the dummy cells from the activation of the test 
circuit to the appearance of data at the output terminals 

°1 " °8 ^ n t ^ ie test mode. 

Although, the present invention has been explained 
in case of programmable read only memory of floating gate 
tyP e / but the present invention is also applicable to 
variety of semiconductor memory devices such as random 
access memories. 



